Oocyte cryopreservation has recently emerged as an option for women to preserve their fertility for medical (e.g. treatable malignancy) or elective indications (e.g. advancing age). This report describes an IRBapproved study of over 200 oocyte cryopreservation cycles at one center. Patients presenting for oocyte cryopreservation (January 2005 to 2010) were analyzed for day 3 follicle stimulating hormone (FSH), basal antral follicle count (BAFC), gonadotropin usage and the number of oocytes retrieved and cryopreserved. New patient consultations were performed on 516 women, of whom 175 (34%) proceeded to initiate a total of 233 cryopreservation cycles. Twenty-four cycles were cancelled (10%) after starting follicular stimulation due to poor ovarian response or self-withdrawal of the patients. Patients whose cycles were cancelled demonstrated a higher Day 3 FSH and a lower BAFC than patients who completed cycles (p < 0.01). In the 209 completed cycles, the most important predictors of a successful cycle included BAFC (r = 0.36), FSH (r = -0.25) and age (r = -0.18) with the mean number of oocytes cryopreserved at 13.6 ± 8.8. Information about long-term fertility preservation must reach both patients and health care providers so that more women can be educated about the benefits of proactive early physiological reproductive assessment and possible interventions available.
INTRODUCTION
The first successful birth following oocyte cryopreservation was reported in 1986 [1] . Advances in the technique were slow to occur over the next decade with only a limited number of individuals attempting to freeze and thaw the largest cell in the human body [2] [3] [4] . Due to the hu-man oocyte's size, precisely organized cytoplasmic architecture and its subsequent large water content; the process of slow freezing and rapid thawing initially failed to produce acceptable survival rates and desired outcomes [2] . Attempts to revitalize research into freezing human oocytes was undertaken after newly enacted reproductive governing laws instituted by the Italian government in 2004 [5] , in which only a very limited number of retrieved oocytes could undergo attempted fertilization and no embryo cryopreservation was permitted. The remaining retrieved oocytes were discarded without attempting fertilization, thereby reducing the potential for successful pregnancies and live births. Investigations into modifications of cryopreservation techniques to improve water removal from the oocyte and the use of increased levels of cryoprotectants in the freezing mediums were undertaken to preserve the potential of the oocytes. For example, the increase in sucrose levels in both the freezing and thawing media allowed better water removal and reduced the amount of crystallization damage observed during the cryopreservation processes [6] [7] [8] [9] [10] . Moreover, increased concentrations of cryoprotectants, such as 1,2-propanediol, strengthened the cytoplasmic structural stability [2, 4] .
While the combinations of increased sucrose and cryoprotectants have raised the survival of the oocytes, a significant difference in the fertilization rate was observed between fresh oocytes and those that had undergone oocyte cryopreservation [4, 6] . It was believed that the zona pellucida was altered during the freezing process, thus inhibiting the entry of sperm during attempted normal fertilization. Additionally, confocal microscopy demonstrated the reassembly of the oocyte cytoplasmic architecture was found to take hours following the thaw process [7, 9] . These issues were overcome by first allowing the thawed oocyte to rest and recover for a few hours post thawing before attempting fertilization and second, using Intracytoplasmic Sperm Injection (ICSI) to achieve fertilization [4, 6] . A review article by Gook and Edgar [11] reported that multiple centers now report successful freezing and thawing of oocytes using the slow freeze and rapid thaw techniques.
A continued interest in the cytoplasmic architecture following oocyte freeze/thaw has led to research into the reduction or even elimination of sodium from the media [12] . Based on animal model findings, some authors have attempted investigating a reduced sodium media in human oocytes with some success [13] . Although this change in media makeup has led to the birth of infants in some authors' centers, the technique is still too new to evaluate its full potential or for comparison with standard cryopreservation mediums [11] .
Vitrification is a newer cryopreservation technique that has recently gained popularity within the reproductive community and the international press [11] . The vitrification technique has been reported by some to demonstrate a higher survival rate for oocytes following the rewarming procedure, possibly due to prevention of ice crystal formation [14] . Others have expressed concern regarding the high concentrations of cryoprotectants necessary to achieve vitrification [11] . Further evaluation of the new vitrification technique in comparison to the well-established slow freeze/rapid thaw technique would require multi-centered well-controlled comparison studies to determine the optimal technique [11] . Towards this end 2 recent publications have demonstrated no significant differences between the 2 cryopreservation techniques for cycle outcomes or the normality of resulting offspring [15, 16] , while one recent publication showed higher implantation rates in the vitrification group [17] .
The application of oocyte cryopreservation by reproductive practitioners has been slow and cautious [18] . Most centers have first debated and analyzed the medical, ethical and psychological application of this new experimental procedure [19] . Only after an organized and rigorously analyzed IRB approval process was our previous clinical research study of oocyte cryopreservation and thaw initiated [20] . Significant discussion within the reproductive community continues, with special attention paid to the ethical, social and medical aspects of the research itself and ultimately the likelihood of the resultants oocytes altering the long-term fertility opportunities for patients. Strong nondirective medical and psychological counseling is recommended by the oversight committee within the reproductive community before studies are undertaken or this new technique is openly offered to patients [21] .
Experimental advances in human oocyte cryopreservation and the completion of intense medical and psychological evaluations have enabled this new therapeutic modality to enter the clinical arena for elective long-term female fertility preservation. After a successful IRB approved study of oocyte cryopreservation and thaw resulting in three pregnancies and five healthy babies in four attempts, our center initiated another IRB approved protocol open to women who desired elective preserva-tion of their fertility [20] . We report here our initial experience with this treatment program at our large academic reproductive center. Collection and analysis of data and peer-reviewed publication of findings will improve awareness of progress using this new technology. The relationship between chronological aging, physiological aging and successful cycle outcomes were evaluated, with discussion of the need for patient and physician education of the application of this new fertility preservation technique.
MATERIALS AND METHODS
This was a retrospective analysis of an IRB approved clinical trial. Data from women presenting for elective oocyte cryopreservation were reviewed between January 2005 and January 2010. Oocyte cryopreservation was initiated only after intensive clinical and psychological counseling of the patients. Controlled ovarian hyperstimulation was performed under the direct care of reproductive endocrinologists with continual hormonal and ultrasound monitoring of cycle progress prior to the patients taking human chorionic gonadotropin (hCG).
Ovarian stimulation protocols were individualized by the treating physician. Three stimulation protocols were included in the study: down regulation, antagonist and microflare. All three protocols used recombinant FSH (Gonal F®-follitropin alfa-Serono Inc, Rockland, MA or Follistim®-follitropin beta-Organon Inc, West Orange, NJ), human menopausal gonadotropins (HMG) (Re-pronex® or Menopur®, Ferring Pharmaceuticals, Suffern, NY), or a combination of medications. In the down regulation protocol, patients were suppressed by the administration of a GnRH agonist (Lupron®-leuprolide acetate-TAP Pharmaceuticals, North Chicago, IL) in the mid luteal phase followed by stimulation with gonadotropins, after the onset of withdrawal bleeding. In the antagonist protocol, oral contraceptives were given for approximately 21 days, and initiation of gonadotropins occurred on cycle day 2 (after withdrawal bleeding). When the leading follicle reached 14 mm in diameter, a GnRH antagonist (Cetrotide®-cetrorelix acetate-Serono Inc, Rockland MA or Antagon®-ganirelix acetate-Organon Inc, West Orange, NJ) was administered daily. Ovarian suppression with oral contraceptives was also utilized prior to initiating the microflare protocol. A GnRH agonist (Lupron®-leuprolide acetate-TAP Pharmaceuticals, North Chicago, IL) was administered on cycle day 2 (after withdrawal bleeding) during morning and evening hours (flare effect) (50 mcg BID). On cycle day 3, gonadotropins were added to the stimulation. All ovarian stimulations were monitored by the measurement of serum estradiol concentration and by ultrasonographic assessment of the follicle diameter on a daily or every other day basis. Final oocyte maturation was achieved by poor ovarian response (fewer than four mature follicles) or patient directed withdrawal from the study. The mean patient age of the cancelled cycles was 38.7 ± 1.8 same, with four patients being cancelled more than once. Of the 159 patients who completed 209 cases of oocyte retrieval, the ages ranged from 19.8 to 44.0 years, with a mean of 38.0 ± 3.2. The mean number of oocytes retrieved was 13.8 ± 8.9, and ranged from 2 to 55. The mean number of oocytes cryopreserved was 13.6 ± 8.8. Oocyte cryopreservation included both mature (Metaphase II) and immature oocytes (Metaphase I or Germinal Vesicle). Figure 1 summarizes the overall mean maturity of cryopreserved oocytes across the four patient age groups.
the administration of human chorionic gonadotropin (hCG) (Novarel®, Ferring Pharmaceuticals, Suffern, NY or Ovidrel®-choriogonadotropin alfa-Serono Inc, Rockland, ME) when at least two of the leading follicles reached 18 mm in diameter. Oocyte retrieval was performed 36 hours after hCG using standard surgical and embryological techniques, with the evaluation of the collected oocyte maturities occurring approximately 60 minutes after retrieval [20] . Oocyte cryopreservation was performed as previously described, approximately 90 minutes after retrieval using a slow freezing technique according to the media manufacturers research protocol (Medicult, Denmark), with all cryopreserved oocytes being stored in liquid nitrogen in patient specific labeled cryovessels [20] . Cycles were cancelled when low ovarian response to stimulation of fewer than four mature follicles was visualized ultrasonographically or when the patient wished to withdraw from the cycle. Comparison of stimulation protocols demonstrated that the majority of oocyte cryopreservation patients received the antagonist protocol ( Table 2) . Cycle-specific data were collected and variables analyzed for cycle cancellation rate, patient age, day 3 FSH, basal antral follicle count (BAFC), stimulation protocols, number of retrieved oocytes, number of cryopreserved oocytes, and oocyte maturity at cryopreservation. Characteristics of the variables across different ages and age groups (A < 35, B = 35 -37, C = 38 -40, D > 40) were analyzed. Chi Square, ANOVA and Pearson's correlation coefficient were used for statistical analysis.
RESULTS
Following the completion of an informed IRB consent, pre-cycle screening tests, and both medical and psychological counseling, 233 cycles of elective oocyte cryopreservation were initiated in 175 patients. 130 patients underwent 1 cycle, 32 attempted 2 cycles, and 13 initiated 3 cycles. Of these controlled ovarian hyperstimulation cycles initiated, 24 (10.3%) were cancelled due to Those who received the antagonist protocol had the greatest number of oocytes retrieved and produced the greatest number of mature oocytes for cryopreservation. Characteristics analyzed differed significantly among the three stimulation protocols for FSH (p < 0.001), Gonadotropin usage (p < 0.02), Oocytes retrieved (p < 0.02) and for the number of mature MII oocytes (p < 0.02).
The number of oocytes retrieved, cryopreserved, and the total number of mature oocytes were used in this study to measure the success of an oocyte cryopreservation cycle. We analyzed patient age, day 3 FSH, BAFC, peak E2, and the amount of gonadotropin used in each cycle using Pearson's correlation coefficient. Patient age was found to be negatively associated with the numbers of retrieved, cryopreserved and of mature oocytes (p < 0.03). Day 3 FSH was associated with the number of oocytes retrieved, cryopreserved and the number of mature oocytes (p < 0.001). In addition, BAFC was shown to be indicative of the numbers of retrieved, cryopreserved and the number of mature oocytes (p < 0.001). Total gonadotropin dosage was a negative predictor of a successful oocyte cryopreservation cycle (p < 0.001), whereas peak E2 was positively associated with a successful oocyte cryopreservation cycle (p < 0.001).
Sorting the data according to the Society Associated Reproductive Technologies (SART) age groups (A < 35, B = 35 -37, C = 38 -40, D > 40), demonstrated that increasing maternal age was inversely correlated with number of oocytes retrieved, number of oocytes cryopreserved and number of mature oocytes (p < 0.05) (Table 1 ). The number of oocytes retrieved, oocytes cryopreserved, or mature oocytes identified did not vary according to controlled ovarian hyperstimulation protocol ( Table 2) .
Analysis of the 24 oocyte cryopreservation cycles cancelled due to low response or patient withdrawal demonstrated that all but one had undergone the antagonist stimulation protocol. The average age of these cancelled patients was 38.7 ± 1.8, their day 3 FSH was 13.3 ± 7.3 and they had 6.2 ± 2.3 antral follicles. When compared with those patients that completed cycles, those with cancelled cycles had higher day 3 FSH (p < 0.01), lower BAFC (p < 0.01) and had a trend towards increased age (p = 0.0518).
DISCUSSION
While the technology of oocyte preservation has recently made tremendous strides, it is imperative that there be a continued vigilance towards proving both the safety and the efficacy. Such goals are met with experimental models, test populations, and appropriate patient selection with IRB approval and informed consent. The American Society for Reproductive Medicine (ASRM) mandates that patients be counseled appropriately, and emphasizes the importance of further scientific and clinical investigation with IRB oversight. Recently, EMD-Serono launched the HOPE Registry to follow patients longitudinally from oocyte thaw to babies at one year of age [22] making it necessary to evaluate patient characteristics and establish additional parameters of patients who undergo elective egg freezing. We report here the first and largest series on such patients and describe our experience with 175 women who initiated 233 cycles of elective oocyte cryopreservation.
One striking finding includes the fact that almost twothirds of women presenting for consultation did not go forward with an attempted cycle. Of those who did, the 10% cycle cancellation rate was unexpectedly high for a supposedly fertile population. It is possible that women seeking fertility preservation are either a self-selected population with a family history of diminished ovarian reserve, or may have already noted alterations in their menstrual cycle. In our previous publication on the psychological characteristics of women presenting for elective cryopreservation of oocytes, we have previously reported that most notable was their high level of education and their overwhelming self-description as being "intelligent" and "extroverted" [23] . A number of women said they were interested in egg freezing to take the pressure off the search for relationships. For them, cryopreservation meant the freedom to wait, and to not settle for a mate because they were in a rush to conceive. The pivotal event leading to oocyte cryopresesrvation was becoming aware of advances in this technology. Had they heard that such a technology existed when they were younger, most stated that they would have made use of it [23] . Of the 159 patients who completed the 209 cycles in our study, the mean number of oocytes retrieved was 13.8, yet only 69 cycles (33%) resulted in our goal of ≥10 mature oocytes for cryopreservation.
Analysis of this cohort of patients who underwent elective oocyte cryopreservation revealed that the chronological age of the patient was a significant indicator of a successful oocyte cryopreservation cycle. Specifically, age was negatively associated with the total number of mature oocytes obtained (p < 0.05). As with infertile patients who undergo IVF, chronological age was inversely correlated with the chance of achieving a successful oocyte cryopreservation cycle. Qualitative changes in oocytes are principally responsible for the low reproductive potential in older women, as demonstrated by enormous differences in fecundity with advancing age in natural cycles in fertile couples [24] . Several theories have been proposed to explain the decline in oocyte quality that occurs with advancing maternal age. In the so-called "production line hypothesis", oocyte quality is established during fetal life, and oocytes that are less susceptible to nondisjunction are ovulated first, leaving poor quality oocytes to be ovulated later in life. Another theory assumes an age-dependent accumulation of damage due to several proposed mechanisms: for instance, a gradual increase in intracellular oxidative stress [25] .
Ovarian aging is characterized by lowered pregnancy rates and decreased ovarian responsiveness to gonadotropin administration, due to a decreased quantitative and qualitative pool of oocytes. Early follicular phase (basal) FSH is a widely used endocrine marker to predict ovarian reserve in women presenting for fertility evaluation and treatment [26] . Elevation in basal FSH levels are thought to be a reflection of ovarian aging, and the low pregnancy rates in these patients is related to the natural age dependent decline in oocyte quality [27] . Substantial data has shown that basal FSH can be an independent predictor of IVF outcome [26, 28] . It has been demonstrated that elevation in this parameter is strongly associated with poor ovarian response, low peak estradiol levels achieved in response to gonadotropin stimulation and low pregnancy rates in patients undergoing assisted reproductive technologies, independent of age [29] . Authors have also suggested low conception rates and high fetal loss rates in a group of infertile patients with elevated FSH levels [30] . Our data demonstrated a significant negative association between day 3 FSH and the number of oocytes retrieved (p < 0.001), the number of oocytes cryopreserved (p < 0.001) and the number of mature oocytes (p < 0.001).
The number of antral follicles in the early follicular phase correlates with ovarian reserve [31] . Low numbers of antral follicles are a sign of ovarian aging, and are observable earlier than a rise in FSH serum level [32] . Problems with antral follicle count (AFC) include observed cycle-cycle differences, biological variation and intra-observer differences. However, it has been proposed that AFC is possibly a better prognostic indicator than age or endocrine markers [33] . We found that BAFC was positively associated with the number of oocytes retrieved, cryopreserved and the number of mature oocytes (p < 0.001). Thus, BAFC is considered a predictor of ovarian reserve and was directly indicative of a successful oocyte cryopreservation cycle.
Overall our findings demonstrate that the best predictors of a successful oocyte cryopreservation cycle, number of mature oocytes cryopreserved, are BAFC (r = 0.36), FSH (r = -0.25) and finally age (r = -0.18). Our findings suggest that patients are presenting after the reproductive age at which this elective procedure could most optimally serve and would most greatly be of benefit to them. Currently, the ASRM recommends oocyte cryopreservation be performed only under an IRB approved study protocol and that significant attention should be paid to the medical and psychological health of the patients. We previously suggested that further large studies should be carried out by individual centers before the application of this new technology becomes widespread [19] .
Education and counseling of the female population is vital for their understanding of the significant potential that oocyte cryopreservation carries. As chronological age is not the most important indicator of a successful cryopreservation cycle, the application of early testing for physiological aging (day 3 FSH and BAFC) provides the most important information to practitioners and patients to determine the need for fertility preservation as early as possible. Hopefully, scientific advances will result in lowering the physical, emotional and financial costs of oocyte cryopreservation. Stimulation protocols involving novel oral medications or advances in in vitro maturation may make the process more accessible to a greater number of women. Furthermore, continued work is needed to determine optimal techniques and methodology for cryopreservation of human oocytes. The technology of oocyte cryopreservation has advanced greatly in the last several years and review of our experience documents the significant need for improved public awareness regarding new information and for continued scientific investment to be made in this field.
